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The object of this paper is to describe the dewater­
ing of the Oronogo-Webb City mining area, and the subsequent 
mining operations which were carried on in the northern 
section of that area. It deals with the development in 
that district during the time the writer was familiar with 
operations there; i.e., from 1935 to 1939, inclusive, and 
no attempt Is made to describe the open pit mining and local 
milling which have been carried out as a latter part of this 
same project. Also, no attempt Is made to describe the sur­
face drainage work which was planned and carried out by the 
relief agencies of the federal government. In passing, it 
is sufficient to say that over $150,000 was expended for 
this work, which consisted of building dams and constructing 
ditches to protect the mine workings from the danger of 
surface water. However, this was the only part for which 
government funds were used. The dewatering and development 
work was carried out entirely by a large mining company 
operating In the Tri-State District, the Eagle-Picher Mining 
& Smelting Co., which held leases on the land In the dewatered 
area. These leases were in turn sub-leased to other companies 
for mining and were worked as separate operations. The Eagle- 
Pi cher Mining & Smelting Co. kept the mines dewatered, 
assembled the ore and transported it to the Central Mill 
located in northeastern Oklahoma for concentration. The 
company was, of course, as holders of the first lease, held
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responsible to the landowners for the proper conduct of 
mining operations and accounting of royalties.
The following is a brief description of the different 
phases of the operation.
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GENERAL LOCATION AND CONDITIONS:
The Oronogo-Webb City-Duenweg mining area lies in 
Jasper County, Missouri, near the towns for which it is 
named* The principal producing sections have been:
SECTION TOWNSHIP RANGE
36 29 N 33 W
31 29 KT 32 W
H i H CO 28 N 33 W
6, 7, 8, 17, 18, 20,) 
21, 28, 29, 33, & 34) 28 N 32 W
3-4-10 27 N 32 W
The general trend of the ore bodies is in a 
northwest-southeast direction, as is shown on map No. 5*
The local drainage is in the same general direction, with a 
creek bed, which is dry in most seasons, lying directly 
over the worked-out areas* During heavy rains this creek 
carries a great amount of water. Shaft collar elevations 
vary from a high of 1071 in Section 3-27-32 to a low of 
891 in Section 1-28-33. If the underground workings were 
continuous between these two points, it would be possible 
to mine in the dry at a depth of 181 feet near Duenweg, 
which is at the the southern extremity of this ore body, 
and water would flow out of the shaft collars in the 
Oronogo bottoms, which are at the north end of the ore body. 
That is not the case, however, as the mine workings are not 
continuous, and the water is held back by impervious ribs to 
various elevations, forming itself into many separate pools.
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It is safe to assume, however, that the inflow from these 
different pools finds its way to the lower workings. This 
is shown by the fact that before pumping operations were 
started, there was a large stream of water flowing out of 
the old Star Mill shaft in the Oronogo bottoms.
The ore beds raise slightly in the same general 
direction which the surface raises. Mining in the sheet 
ground beds was at 150 feet at the Star and 220 feet near 
Duenweg. This would make an approximate raise of 16 feet 
to the mile in the sheet ground beds, while the surface 
raise is 30 feet to the mile.
There is no heavy mantle of shale to hold back the 
surface water, as in the Picher-Miami area. There is only 
a few feet of soil clay and gravel on top of the lime.
The rains soak into this, and then min along on top of the 
lime until the water finds an opening into the mine workings. 
The amount of water pumped has a direct ratio to rainfall.
In some areas heavy rains soaking through the upper beds, 
which are abundant in iron, will cause a flow of acid 
water which sometimes causes pump damage.
--4— -
ORE BEARING FORMATIONS:
The sheet ground has heen the most extensive of the 
ore bearing formations, and has extended over the entire 
area. This is the 0. P. and Q. beds of Fowler and Lyden, 
described in their bulletin on the ore deposits of the 
Tri-State District1• The upper, or 0 bed, is usually the 
most intensely mineralized formation. The bed is dis­
tinguished by round flat nodules imbedded with cherty bands 
The ore occurs in layers of nearly pure galena and sphaler­
ite. The galena is usually in the upper portion of the bed 
These bands may extend over some distance. The bed is 
usually about seven feet thick. P and Q beds are from ten 
to twenty feet thick, and are of a more massive chert, and 
the ore sheets are less frequent than in the upper part 
of the series.
In the north end of the field the Oronogo Circle and 
the Oronogo Mutual were mining principally in a bed below 
the sheet ground. This bed is identified as R bed, or 
Reed Springs (Fowler & Lyden1). This is an extremely 
black or blue flint formation with the blende and galena 
occuring disseminated through the mass and often very 
finely disseminated. This caused a serious milling problem 
in the old type small mill. Ore in these beds is as a rule 
much richer than in the sheet ground. The north end of the 
field is the only place where these beds are known to have 
been mineralized.
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1. "Ore Deposits of the Tri-State District"- G. M. Fowler 
and J. P. Lyden.
At a great number or places the upper beds, which 
are those above the sheet ground, were favorable for ore 
deposition. In some cases all of the formations were 
mineralized, the workings extending to the grass roots.
Areas included in this classification are the Oronogo Circle, 
Vantage, Center Creek, and Sucker Plats. The ore bodies 
were often very rich, but were small and very irregular in 
outline. They lent themselves very well, however, to the 
small operation so common in the early days of mining in 
the district.
Figure I, which follows immediately, is a typical 




TYPICAL DRILL HOLE RECORD OF WEBB-CITY ORONOGO AREA 
Property: Buckeye (Unity) - Drill Owner: M. Scott & Co* 




0 6 sand and sludge
6 7 surface
7 12 creek gravel
12 30 dark gray yellow some light blue flint 
boulders yellow mud soft
30 45 light gray yellow little light blue flint 
very soft yellow little light gray flint
45 60 yellow little light blue flint very soft
60 70 yellow little light blue flint yellow mud 
very soft
70 85 rotten yellow flint yellow mud very soft
85 113 yellow mud opening containing large boulders 
no cuttings
113 120 yellow flint some dark gray lime hard
120 130 yellow and little light blue flint soft
130 140 yellow light gray flint medium
140 145 light gray little light blue flint few zinc shines hard
145 150 light gray little light blue black flint lead shines zinc trace
150 152-g light blue little black flint good zinc 
lead trace 6-in. crevice at 151.





155 157* light blue rlint fair sine shines trace lead
157# 160 light blue flint trace sine hard
160 162* light blue little black flint sine shines lead trace hard
162# 165 dark gray light blue some black flint
little dark gray lime thin zinc shines trace lead
165 169 dark gray some light blue flint dark gray lime 
hard
ASSAY
145 150 0*85 Blende 0.36 Galena
150 152# 11.00 w 0.38 "
152# 155 4.85 " 0.29 n
155 157# 1.05 " 0.17 »
STRATIGRAPHIC SUMMARY
0 7 Surface
7 12 Creek Gravel
12 120 M bed
120 140 N bed
140 165 0, P, & Q, beds
165 169 R bed
TAX ON ORES MINED FOR DRAINAGE PURPOSES:
The Webb City-Oronogo field was at the peak of its 
production in the early 1900fs, when there were over one 
hundred mines in operation. Many of these mines were almost 
depleted in 1915-1916 when the Oklahoma-Kansas field was 
brought into production. The mines in this new area were 
so much richer than those in the Webb City-Oronogo field, 
that there was a rapid exodus from this old field, and 
mills were dismantled and rebuilt in the new district.
Each of these mines had been pumping some water, perhaps 
with only a two or three inch pump, but the total amount of 
water pumped was a considerable figure. When these numerous 
small operations closed down, the pumping load on mines 
working the lower levels increased to a point where they 
were unable to handle it with the pumps which were then 
available. The increased pumping cost put on the mines that 
were still operating soon caused them to also shut down, and 
the entire district was soon flooded. Therefore, before any 
plans could be made for dewatering operations, it was appar­
ent that some assurance would be necessary that pumping 
royalties would be paid from all levels and operations 
effected. With this idea in mind a "Drainage District” 
law was passed by the Missouri State Legislature. Figure 
II which follows immediately is a copy of this statute.
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FIGURE II
LAWS OF MISSOURI 1933
DRAINS AND LEVEES: PROVIDING FOR DRAINAGE OF LANDS 
CONTAINING VALUABLE MINERAL DEPOSITS AND FOR PAYMENT 
OF DRAINAGE EXPENSES BY A TAX ON ORES MINED.
Section 1. DRAINAGE DISTRICT MAY BE FORMED ON LAND CON­
TAINING MINERAL DEPOSITS - TAX ON ORE.
The owners of the majority of the acreage in any 
contigous body of lands or of lands having a common certified 
drainage certified by the Chief Geologist of the Bureau of 
Geology and Mines of this State to contain or probably con­
tain valuable mineral deposits, situated in one or more 
counties of this State, may form a drainage district for 
the purpose of having such lands drained for mining uses, 
and. for that purpose they may make and sign articles of 
association and be incorporated and be and become bodies 
corporate in all respects the same as Is now provided for 
the organization, incorporation and government of associations 
for the drainage of swamp, etc., land, formed under Art. 1, 
Chapter 64, R.S. 1929, with all the rights, powers, duties 
and obligations of drainage districts organized under said 
Chapter 64, and all of the provisions of said Chapter 
64 except as herein otherwise provided are hereby made 
applicable to such mine drainage districts; provided, that 
the total taxes levied by any such drainage district shall 
not- exceed the actual cost of pumping and drainage of water 
from lands in such district, including the necessary
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organization and administration expense of said drainage 
district organization; and provided further, that in no 
event shall the total taxes assessed against any lands 
included In such drainage district exceed an amount equal 
to two (2) per cent of the gross value of all ores and 
minerals mined and produced from such lands; and provided 
further, that in event the drainage operations conducted 
hy any such drainage district organization shall not drain 
any tract of land therein to the depth of mining operations 
conducted upon such tract, necessitating the operation hy 
the owner of such tract or his agents or lessees or sub­
lessees, of pumps additional to the pumps operated by said 
drainage district, then the tax or taxes levied against 
said land hereunder shall be credited with the amount 
actually and necessarily spent in pumping operations on 
said land by such owner, his agents or lessees or sub­
lessees.
FIGURE II (CONT.)
Approved May 9, 1933
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PROSPECTING WORK:
Before dewatering was started it Y/as necessary to 
gather all the information available on previous mining 
operations in the district in order to determine whether 
production from such dewatered areas v/ould prove profitable* 
Fairly accurate maps of the larger operations were available, 
but little data could be secured on the smaller ones, which 
were very numerous* Conversation with former operators, 
miners, and landowners yielded some valuable information, 
but this had to be carefully sifted out* Some reports 
and estimates of engineers were particularly valuable*
After a study of this available data, It was decided to 
proceed with a prospecting program* This was done by the 
churn drill method* More than one hundred holes were put 
down In the entire area* There was no regular pattern to 
this v/ork; instead it consisted of drilling in places which 
seemed to be the most favorable on the composite under­
ground maps* The results of this work showed the north 
end, or Oronogo section, to have the most possibilities*
The Oronogo Mutual was still controlled by the same company 
that had operated it before the water was allowed to come up, 
and they had a very accurate estimate of the ore remaining 
in this mine* Drilling had shown that the lower beds would 
be mineralized to the south and v/ould no doubt connect with 
a winze put down to that level in the north end of the 
Unity Mine, which is located about a mile south of the
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Oronogo Mutual, just before the water was allowed to come 
up# From the study of this data, It was deemed advisable 
to proceed with the dewatering#
—  15—
PRELIMINARY WORK:
Pumping was actually started late in 1934 by another 
Tri-State mining company, who installed pumps in the No* 1 
and No* 2 pump stations* The heavy early spring rains of
1935, and the lack of adequate surface drainage caused 
them to lose what gains they had made* The Eagle-Picher 
Mining & Smelting Company completed their investigation 
and took charge in August, 1935* A new 16-in* pump was 
bought for the No* 2 pump station* Plans were made for two 
new shafts to develop the lower beds and to dewater the 
north end of the field*
At this same time preliminary surveys for the 
railroad tracks, roads, and loading facilities were 
started* The plans were worked out v/ith the railroad 
company for transportation of the ore* Plans were also 
made for unloading and handling the ore at a central 
milling plant near Picher, Oklahoma* This work was all 
carried on as the dewatering was in progress, and by the 
end of 1935 two mining companies producing from four shafts 
were in operation* A third came into operation early in
1936, and the field reached a peak production during the 
period of higher ore prices in 1937* Shipments of ore 





The Pomona pumps which were used exclusively in 
this work are of the submerged turbine type. The two 
principal parts are the pumping head and the bowl 
assembly. Power is transmitted between these by a 
vertical shaft running in water lubricated rubber 
bearings. All pumps used were of the belted head type, 
which affords more latitude in speed and power changes. 
The impellers are of the semi-open type, having no 
lower shroud, which enables them to pump some sand or 
solid material without locking or serious injury.
The bottom of the impeller runs in a cone shaped seat 
in the pump bowl, adjustment being made from the top 
of the pump head. In this manner it is also possible 
to vary the capacity. Bearings between the stages are 
of rubber.
The pump columns are made up in ten-foot sections. 
The larger ones have flanged joints, and the smaller 
ones are screwed. In each case a bearing retainer of 
bronze is placed betv/een the sections. This is so 
designed in order to obtain the maximum strength with
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a minimum area reduction of the column# The bearings 
are of rubber and run on a raised place on the shaft 
made by a collar or spiral strip of stainless steel#
The shafts are of cold rolled steel coupled together 
with a threaded sleeve, allowing the two shaft ends to 
butt together. There is a special length of column 
next to the pump head, with a correspondingly correct 
length piece of shaft#
Installation:
The larger pumps are handled with power winches, 
or crabs, with a system of blocks# A thirty foot 
permanent derrick is used, which gives ample head room 
to handle the sections and pump heads# First the bowl 
assembly with its strainer is picked up with the elevators 
and placed on the blocks# Uext, a shaft section is 
joined onto the pump shaft, then a section of column is 
lowered over the shaft and the upper bearing retainer 
is put in place# Then the joint is made on the column 
with flange bolts or threaded collar# This section is 
then lowered to the derrick floor and the process is 
repeated# In this manner the pump is lowered to a pre­
determined point in the shaft or drill hole# Then the
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upper section of column and shaft, and the pump head 
is placed and the pump is let down on timbers or steel 
beams which make its foundation. Calculations are made 
for the motor foundation, with allowance being made 
for quarter twist belts. Then a suitable building is 
constructed housing the entire unit. Small pumps are 
handled in the same manner, except drilling rigs, or 
trucks with nAM frames are used instead of a permanent 
derrick.
Operation:
Very little attention is required for pump 
units of this kind. The only necessary adjustment 
on the pump is to keep the belt within its allowed 
latitude and keep oil in the pump head. This oil is 
changed every ninety days, and electrical trouble is 
the only thing which may cause more frequent delays.
One man on an eight hour shift has looked after eight 
of these stations within a radius of six miles from 
his headquarters. He has additional help which he may 
call on in case of trouble.
In any shaft which has been left open for a 
number of years there is a huge cone of debris at the
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bottom. The pump can be lowered only to the top of 
this pile. When the water is lowered to this point, it 
is necessary to go down the shaft and muck out under the 
pump.
Using a combination of five and seven and one-half 
feet joints added onto the top of the pump column, the 
pump can be lowered in two and one-half feet stages until 
the mine level is reached.
Figure III, which follows immediately, shows 
the type of pump, capacity, etc. regarding the pumps used 
in dewatering the Oronogo-Webb City area.
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FIGURE III
















Pomona 1 16-in. 5 165 5000 330
Pomona 2 14-in. 5 165 3500 200
Pomona 1 14-in. 4 165 2800 150
# Pomona 2 10-in. 6 220 1500 100
Pomona 1 10-in. 6 220 1500 100
Pomona 1 10-in. 8 220 2000 150
Pomona 1 8-in. 10 2Q0 900 75
Pomona 1 7-in. 6 165 600 75
Pomona 1 7-in. 10 165 700 75
## Gould 1 10-in. 2 170 2200 200
# - Acid resisting pump 
## - Underground station pump




Electric power furnished by the Empire District 
Electric Company was used exclusively in the pumping 
operations. The larger pumps were charged on a monthly 
demand basis, the average of the four highest peaks on 
the recording chart being used. The rate was $5.20 net 
per KV7 of demand per month. Smaller pumps used for 
throw over purposes were grouped under one billing and 
charged for at the lead and zinc mining rate established 
by the Empire District Electric Company. This rate 
involves a determination of a reserve capacity figure 
which is 100% of the first 100 H.P. of connected load, 
75% of the next 200 H.P., 50% of the next 400 H.P., 
stnd 65% of all additional connected load. The energy 
charge is $0,035 for the first fifty hours use of this 
reserve capacity per KW hour, $0.0135 for the next 
150 hours use, and $0,007 for energy used in excess of 
200 hours use of the reserve capacity per month. There 
is a quantity discount, depending upon the gross amount 
of the bill.
This service is furnished at 2300 volts, 25 cycle.
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PUMP EFFICIENCY
Pumps or the type used in this dewatering operation 
are designed with the proper number of stages and size 
of impellers for the maximum efficiency when the water 
level is just above the intake* Consequently, they 
operate at a very poor efficiency when the water is 
far above this point, as it always is when dewatering 
starts* This loss of efficiency, however, is offset 
by the cost of additional suitable impellers which would 
be good only between certain limits, and the extra cost 
in handling the pumps and motors, in case such a method 
were used* The accepted practice is to make the entire 
installation the most efficient for the maximum depth.
The over-all efficiency of the entire unit, 
motor, belt, and pump, at the No* 10 pump station is 
computed as an example* This unit handled 1480 gallons 
per minute (By Weir Measurement), with a lift of 221 
feet, using a power input of 92*80 Kw*
Thus:
-L4.8P. x. = 82.59 H.P.
33,000
92.8 Kw x 1*341 = 122*44 H.P.
82.59
122.44 67*45 % over-all efficiency
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DEWATERING THE MUTUAL-CIRCLE GROUND; (A TYPICAL EXAMPLE)
Dewatering of tills area was done at the No. 5 
Pump Station, the location of which is shown on the 
general map (No. 5). Here v/as a unique situation*
The area to the south and west was dry, and there was a 
heavy concrete bulkhead holding the Mutual-Circle water 
back from the north. There was a 170-ft* head pressure
on this bulkhead, but it held tight on the high side,
\
and a careful check on the water failed to show that 
it had lowered* This indicated that not only the 
bulkhead, but all of the series of formations were imper­
vious. To the south, however, conditions were different. 
Two large pumps at the No. 2 Pump Station had failed to 
beat the water and measurements showed the water in the 
Mbig sheet ground areas” in Section 12-28-33 and 
Section 7-28-32 was working through the formations and 
bulkheads and a great deal of it was passing on by the 
No. 2 Pump Station and finding its way to the No. 1 
Pump Station. Part of the inflow could be observed in 
the southwest end of the workings, and it was following 
a water course along a run of a lower bed (R bed) of 
ore, which was later mined.
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Fairly accurate figures were available on the 
pumping required to keep the water out of this area 
during the former mining operations, and it seemed to 
be the one place where an approximate time could be 
calculated to dewater this ground. The area of cut ground, 
taken from maps, (omitting small pillars) was 23.23 acres, 
or 3,190,*000 square feet, with an average roof height 
of 16 feet (on many different levels). Thus: 3,190,000 
x 16 x 7.48 = 381,779,200 gallons of water to be pumped.
The normal inflow was 1100 gallons per minute, with an 
extra estimated inflow of 500 gallons per minute, 
which was due to water table being higher. The normal 
inflow would not be reached until the entire head was 
removed, but the extra inflow would decrease as the 
other increased. This would take a pump with a capacity 
of 1600 gallons per minute to handle the inflow. The 
pump used had a capacity of 3500 gallons per minute, 
of which 1900 gallons per minute would be available to 
handle the body of dead water. Thus:
381.779>200 
1900 x 60 x 24 = 139 days*
five days were added to this figure for delays, power
— 23—
failures, etc*, making a total estimate of 144 days
Figure IV, which follows immediately, is a 
complete table of this actual operation*
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FIGURE IV
NO. 5 PUMP STATION
Equipment: 1 - 14-in., 5 stage Pomona Pump, belted 
to a 200 H.P, 2200 Volt, W. R. Motor. 





Aug. 16 18.8 883.2 Pump Started today
Aug. 23 54.5 847.5 2i Hrs. Delay-Power
Aug. 30 85.5 816.5
Sept 7 122.0 780.0 1/2 Hr. Delay-Pump Adjust.
Sept 14 149.0 753.0
Sept 21 156.5 745.5 1 Hr. Delay-Power
Sept 28 159.0 743.0
Oct« 4 160.9 741.1
Oct. 11 162.3 739.7
Oct. 18 163.9 738.1 1/4 Hr. Delay - Power
Oct. 25 165.1 736.9
Nov. 1 166.3 735.7
Nov. 8 167.7 734.3
Nov. 15 169.0 733.0 Pump going on air
Nov. 22 172.0 730 12 Hrs. Delay-Lowering Pump
Nov. 29 173 729 Water in Sump-Ground Pump Installed
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The actual time to complete dewatering of
this area was 105 days, or 24 days less than the estimate*
Figure V, which follows immediately, gives 
the power consumption and power costs for the period 
covered in Figure IV.
FIGURE V
POYfBR CONSUMPTION AND POWER COSTS FOR DEWATERING THE
MUTUAL-CIRCLE GROUND
Kw Hours Used K.W* Demand Cost
Aug* 1935 54,300 166.40 $ 419.32
Sept 1935 120,900 185.60 974.77
Oct* 1935 125,800 188.80 991.58
Nov. 1935 110,100 192.00 1,008.38
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INSPECTION AFTER DEWATERING:
After the pumps had heen lowered so that the 
floors of the mines were dewatered, an inspection 
of the ground was started. The available old maps 
were studied and checked, and if they were found 
not to be up to date when the mine was shut down, the 
new extensions were put on and the floor and roof 
elevations established. Then a thorough examination 
of the walls, roofs, and floors was made. The value 
of the ore faces was estimated by persons familiar 
with the work. It has been found that in this work 
an estimate made by one of experience is much more 
satisfactory than trying to sample the faces, which 
are very hard flint, and contain sheets and pockets 
of soft brittle blende. This examination work is 
checked with drill records and elevations.
In some areas there was a heavy coating of red 
mud, mostly iron oxide. When this condition existed 
two methods were used. First, washing off the face 
with a water line from the pump, and second, by 
using a water lyner drill mounted on a tripod, and 
drilling three to four holes in the face. When an 
area had thus been brightened up by shooting these 
holes, an inspection Is made as soon thereafter as
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possible. The opinion of the inspectors determine
if further work is warranted. The following equip­
ment is used in the work:
1 - 8-ft. x 8-ft. x 20-ft. four leg derrick 
(all pieces bolted together).
1 - United Iron Works Band Friction Hoist, direct 
connected through a worm gear to a 85 H.P.
Ford V-8 motor, with cable and can.
1 - Ingersoll-Rand portable compressor of 150 cu. ft. 
capacity, driven by a four cylinder gasoline 
motor.
1 - Ingersoll-Rand water lyner drill, with tripod, 
air hose, water hose, pipe, tools, and d£»ill 
steel.
1 - Ingersoll-Rand Jackhamer.
1 - Small Dog House
This equipment Is all very portable, as it must 
be moved from one shaft to another, and It makes 
both a safe and satisfactory outfit for such work.
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MINING OPERATIONS
Mining operations in the Oronogo-Webb City- 
District since the district was dewatered have been 
summarized in Figure VI, which follows immediately*
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FIGURE VI









TONS %ZnS %PbS %TOTAL PRODUCING HORIZONS
A 492,087 30,418.31 3,407.60 33,825.91 6.18 0.69 6.87 Below Sheet Ground
B 155,477 9,046,38 407.08 9,453.46 5.82 0.26 6.08 t» if tr
C 22,772 967.12 30.52 997.64 4.24 0.13 4.37 Sheet Ground
D 30,988 1,355.45 213.01 1,568.46 4.37 0.69 5.06 tt tt
E 92,256 6,971.98 1,309.74 8,281.72 7.56 1.42 8.98 Below Sheet Ground
F 22,495 892.79 32.15 924.94 3.96 0.14 4.10 Above Sheet Ground
G 444 17.46 3.02 20.43 3.93 0.68 4.61 Sheet Ground
H 78,209 3,237.91 239.96 3,477.87 4.14 0.31 4.45 n it
J 8,076 464.39 110.89 575.28 5.75 1.37 7.12 Above Sheet Ground
j # No Tonnage Estimate
352.98 507.89 860.37
Total 902,804 53,724.77 6,261.86 59,986.63 5.95 0.69 6.64
# Hand picked or hand jigged ore*
30
The monthly cost on a typical operation In the 
Reed Springs bed with an average working face of 
13-ft., using both hand and mechanical loading, with 
both mule and motor haulage through old workings for 
a long distance, Is shown by Figure VII• Can hoist­
ing was done from two shafts, and 9206 tons ore 
was produced during this month.




Operating Costs of a Typical Lower Level Mine:
BREAKING:
COST ROCK TON
Brill Labor $1,366.10 .149
Brill Repairs & Supplies 168.54 .018
Air 281.49 .030
Casualty Insurance 134.68 .015
Brill Steel 279.66 .033
Brill Sharpening 404.06 .044
Powder & Powder Men 1,371.82 .149
Miscellaneous Labor 477.93 .052






HAND LOADING: (3431 Tons)
Shovelors $ 888.26 .259
Shoveler*s Supplies 62.94 .018
Casualty Insurance O•10H .004
0 964.60 .281
LOADING-MECHANICAL:(5775 Tons)
Labor § 531.30 .092
Repairs & Supplies 531.73 .092
Power 140.98 .024












Repairs & Supplies 165.59 .013
Power 60.22 .006





















Operating Costs of a Typical Sheet Ground Mine
Figure VIII, which follows immediately, shows 
the monthly operating costs for a typical sheet ground 
mine, highly mechanized, working 7-ft. faces, with 
scraper hoist loading, "belt conveyor haulage, skip 
hoisting, and producing 12,187 tons of ore per month* 






Drill Labor $1,925.36 .158
Drill Repairs & Supplies 159.90 .013
Air 626.60 .052
Casualty Insurance 82.84 .007
Drill Steel 212.25 .017
Drill Sharpening 511.30 .042
Powder 2,605.60 .214
Miscellaneous Labor 414.04 .034








Rep & Sup 884.40 .073
Power 176.89 .015




Rep & Sup 17.07 .001
Power 36.36 .003










The transportation of this mine ore from the 
mining area to the concentrating plant forty-five 
miles away was worked out with one of the major rail­
road companies serving the district. The plan used 
was the leasing of the locomotive and cars for trains 
which were operated by our own crews over the exist­
ing tracks on a ton-mile basis, with additional track 
to be constructed and owned by the mining company. 
Locomotives used were of the forty hundred class of 
the Frisco, and sixty-ton capacity hopper bottom 
cars were used. The normal schedule was one train 
daily leaving the mines at five P.M., arriving at 
the concentration plant yards at six-thirty P.M., 
picking up the empties from the previous trip and 
returning to the mines at eight-thirty P.M. Then, 
after spotting the necessary cars on the proper 
switches, the engine would return to the junction 
where roundhouse facilities were available. Sixteen 
to twenty-two cars comprised a normal trip*
The larger operations were all equipped with 
hoppers of wooden construction, which hold from 250 
to 500 tons. Ore from the shafts was dumped directly
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into these, and the cars loaded from them* In some 
cases, these loading tracks were gravity tracks, in 
other cases the cars were pulled through with hoists. 
Prom other smaller operations, which did not warrant 
the construction of tracks, the ore was trucked 
from the mine hopper to an overhead loading ramp and 
dumped into the railroad cars* Five-ton dump bed 
trucks were used in this service* In the very small 
operations, the dirt was dumped on the ground, picked 
up by a one-half yard gasoline shovel and hauled in 
the trucks to the cars*
Figure IX, v/hich follows Immediately, is a 
typical cost sheet of a monthfs operation of this 





Track Rep & Sup 

















Train Crew $1,048.07 .038
Locomotive Rep & Sup 158.51 .006
Miscellaneous Rep & Sup 54.21 .002
Coal 574.75 .020
Water 52.00 .002
Hosteling 146.75 • 005
Casualty Insurance 16.48 .001
Locomotive Rent 360.00 .013
Dump Car Rent 396.00 .014
Trackage Rights 1,387.45 .050
EXPENSES AT DESTINATION:
Unloading Labor 181.62 .006
Repairs & Supplies 21.28 .001
Casualty Insurance 2.74
Car Insurance 41.99 .002
Prop. Yard Expense 355.03 .013
TOTAL EXPENSE $5,046.13 .182
38-
LATER PUMPING PROCEDURE
After a few months of successful operation 
in the north end of the field, where the lower beds 
were being worked, it was decided to look at the sheet 
ground* The dewatering operation had decreased to 
a point where some of the big pumps were available 
for this service, and indications were that the inflow 
from this area was already being handled at the No. 2 
pump station, where the cut ground area was small, 
and hence any surge of water caused by rains or 
breakovers was causing some trouble in the lower 
workings of the operation to the north. On 
December 5, 1935, one fourteen-inch pump of 3500 
gallons per minute capacity was installed at the No. 6 
station, and on December 19, 1935, a second fourteen- 
inch, 3500 gallon per minute pump was installed in 
the same shaft. A sixteen-inch pump of 5000 gallons 
per minute capacity was installed in an adjacent 
shaft on April 2, 1936. On September 17, 1937, the 
first entrance into the ground near the pumps was 
possible, and an examination was made from a boat in
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this adjacent area. To the east and south, where 
the ore horizons inclined upward, tne floors were 
dry and large areas of sheet ground workings were 
accessible. Prom the results of this v/ork, however, 
only two mines of limited tonnage were developed, due 
to the low grade of the ore bodies.
Later on other places in the southern end of 
the field were dewatered and inspected. This work 
was done mainly upon information given by former 
operators, miners, or landowners, rather than on 
definite operations or geological or drilling in­
formation. Ho ore was developed which was commercial 
at the prevailing ore prices. The location of these 
areas is shown on Map Ho. 5.
The dewatering operation of the area between 
this sheet ground and the operations in the south 
end, which was being done by two acid resisting pumps 
at Stations ITo. 11 and 12, was never completed.
Map Ho. 5 shovrs the location of all pump 
stations, together with size of the pumps used, and 
the time operated.
#
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